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(54) Radio signal transmitter in two frequency bands with and without power limitation 



(57) A signal including an RF signal and a code divi- 
sion multiple access signal is transmitted so that in 
relation to both of the RF signal and the code division 
multiple access signal, a receiving end can obtain a sig- 
nal having sufficiently larger power as compared with 
noise and with no distortion. In order to attain this 
object, a separation part (10) separates the signal into 
the RF signal and the code division multiple access sig- 



nal at a sending end. An amplification part (11) ampli- 
fies the RF signal with an amplification factor related to 
Hs power. An amplification part (12) amplifies the code 
division multiple access signal with an amplification fac- 
tor related to its power. A combination pari (13) com- 
bines the amplified RF signal and the amplified code 
division multiple access signal with each other. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field oi the Invention 

moon The oresent invention relates to radio signal transmitters, and more specifically. H relates to a radio signal 

5? rSTdio signals with two or more different frequency bands respectively, mu.ip.ex.ng the s.gna.s and 
jo transmitting the same between the master station and the slave station. 

Description oi the Background Art 

room In mobile communication through a portable telephone or a car phone, it is necessary to elimlnatea blind 
, 5 SucbatuC^ 

B Hind »one or the like and the master station and each slave station are connected to each other by an optical 
S « r n sVnai fraTslskx, between the master station and the stave station is performed by an 

* opS— 

?0003] FIG. 13 is a block diagram showing an exemplary strudure of a convenbonal optical tran^on system 
Sed in Ihe aforementioned «ft> base station for optical* transmitting a ^ a ' " 
steveTtation. This type of optical trarsrrtsaonsyste^ 

Stations* (Sanada Sal. . National Technical Report Vd. 39. No. 4. Aug. 1993). for example. 

* hmZ Retina to FIG. 13 the conventional optical transmission system cornpr.ses an arrpW. cation part 90 arnpB- 
En ele^c^l to S t— d. an electrS/optica. conversion part 91 performing Mc^^ers^ 
wSSi from the amptifkation part 90. and an ^electrical '^J^^"^^ 
frSco^ersiondthe transmitted optical sigral.^ 

» frSSon a sending end and foe optical/electrical conversion part 92 is provided on a recennng end whtle the 

* ei^sr 

SIS?' ^The electrical/optical conversion part 91 has. in relation to the P^.^^t^aSlSS 

Eegion that change d the strength d the output optica, signal with ^ J> ^uSS 

when signal having power exceeding the upper limit of this reg.on is inputted in the electncal/bptical conversion pan 

35 ££ *XZ£S2ES£* pari 92 ha, in relation to the strength d the input optica, 
aXrpreS^ 
iXw^opti^ 

cTeLJc^vLon partS becomes suflitientiy larger than that dndse« 

JeSSXnverJoVpart 91 will not exceed Ihe upper limit oi the aforementioned prescribed linear eg on and 
optica, signal * the optfcal/electr^l conversion part 92 will not «caed ^u»er Wd the 
Lemenlionedandherpresaibed linear regton. Thus, on Ihe receiving errf. a s.gnal having su«^ 

Sn 1 0). in retation to mobile communtoalion. as Ones rapidly increases in number m re^yea* ten has been 
nZ^ emDtawnent d the CDMA (code dhnsion multiple access) system having a remarkably larger number d ines 

50 ^cifcTardttisp^^^ 

mm Tbalistheoinertsystem^^ 

Seated and hence, in consideration of suppressing the facility cost, it is important to cope wrth the CDMA system 



plied to the sending end. the power of the code division multiple access signal employed in the CDMA system is smaller 
than that ol the RF signal employed in the conventional system. 

[0011] The standards of the current system are described in "Digital Cellular Telecommunication System" 
(Research & Development Center for Radio Systems, RCR STD-27A) and the standards of the CDMA system are 
described in the aforementioned "CDMA Cellular System". An apparatus optically transmitting a code division multiple 
access signal is disclosed in Japanese Patent Laying-Open No. 6-70362 (Japanese Patent Application No. 4-219894), 
for example. 

[001 2) In relation to the code division multiple access signal, oh the other hand, it is assumed that the amplification 
factor of the amplification part 90 is set high so that a signal having sufficiently large power as compared with noise is 
obtained. In this case, however, it is predicted in relation to the RF signal that the power of the input signal in the elec- 
trical/optical conversion part 91 exceeds the upper limit of the aforementioned prescribed linear regi on or the strength 
ol me input optical signal in the optical/electrical conversion part 92 exceeds the upper limit of the aforementioned 
another prescribed linear region and consequently the signal obtained on the receiving end is distorted. 
[001 3] That is, when optically transmitting the RF signal and the code cfivision multiple access signal in the afore- 
mentioned conventional optical transmission system, the receiving end cannot obtain, in relation to both of the RF sig- 
nal and the code division multiple access signal, signals having sufficiently large power as compared with noise with no 
distortion whatever ampM ication factor of the amplification part 90 is set. Incidentally, the aforementioned Japanese 
Patent Laying-Open No. 6-70362 describes no means of optically transmitting both of the RF signal and the code divi- 
sion multiple access signal. 

[0014) A problem similar to the above is quantitatively described from another point of view. 
[001 5] FIG. 1 4 is a block diagram shewing the structure of a conventional radio signal transmitter. 
[001 6] Referring to FIG. 1 4. in the conventional radio signal transmitter a master station 200 and a slave station 300 
are connected to each other by optical fibers 201 and 202. The optical fiber 201 is used when transmitting from the mas- 
ter station 200 to the slave station 300 (hereinafter referred to as a down system) an optical signal. The optical fiber 202 
is used when transmitting from the slave station 300 to the master station 200 (hereinafter referred to as an up system) 
an optical signal. 

[0017] The slave station 300 comprises an optical/electrical conversion part 301, an electrical/optical conversion 
part 303. a first amplification part 302, a second amplification part 304, a circulator 305 and an antenna 306. 
[001 8] First, down system signal transmission is described. 

[001 9] The optical signal sent from the master station 200 is transmitted through the optical f iber 201 to the slave 
station 300 present on a remote site. In the slave station 300, the optical/electrical conversion part 301 receives the opti- 
cal signal sent from the master station 200 and converts the same to a radio modulation signal which is an electric sig- 
nal. This radio modulation signal is amplified in the first amplification part 302 and thereafter radiated through the 
circulator 305 from the antenna 306. The circulator 305, which is an apparatus having a function of outputting an input 
from a certain terminal only to an adjacent terminal in a specific direction, outputs the input from the first amplification 
part 302 to the antenna 306 while outputting an input from the antenna 306 to the second amplification part 304 (as 
shown by arrows in FIG. 14). The radio modulation signal radiated from the antenna 306 is received by a mobile termi- 
nal (not shown) in the area. 

[0020] Then, up system signal transmission is described 

[0021] Radio modulation signals having different frequencies sent from respective mobile terminals in the area are 
respectively received and frequency-multiplexed by the antenna 306. This frequency-multiplexed radio modulation sig- 
nal is inputted through the circulator 305 into the second amplification part 304. The second ampfification part 304 
amplifies the inputted radio modulation signal and outputs the same to the electrical/optical conversion part 303. The 
electrical/optical conversion part 303 converts the radio modulation signal inputted from the second amplification part 
304 to an optical signal and outputs the same. This optical signal converted in the electrical/optical conversion part 303 
and thereafter outputted is transmitted through the optical fiber 202 to the master station 200 present on a remote site. 
[0022] In the aforementioned structure of the slave station 300. the difference in the distances between the respec- 
tive mobile terminals and the slave station 300 results in remarkable difference in received power received in the 
antenna 306. Therefore, the conventional radio signal transmitter employs in consideration of this difference in received 
power an extremely wide dynamic range for the signal of the up system and sets the optical modulation index per wave 
high. 

[0023] An exemplary system design of this slave station 300 is described in the above-mentioned literature "Fiber- 
Optic Transmission System for Radio Base Stations" by Sanada et al. In this literature by Sanada et al., the optical mod- 
ulation index m of the up system is. assuming that the up system has two carriers, 10.7 % s m s 21 .2 %. The lower limit 
and the upper limit of this optical modulation index m are decided respectively by canrier-to-noise ratio (CNR) charac- 
teristics and distortion characteristics. 

[0024] FIG. 15 shows the relation between the optical modulation index, CNR and cfistortion (in this case, "distor- 
tion IM3" which is tertiary distortion). 
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inflssi As understood from FIG. 15, the CNR increases with increase of the optical modulation index, and the dis- 
(i D) module employed as an optical/electrical conversion part in an optical sender. 

Lc in an actual svstem carriers for the up system are multi-earners. In the literature by Sanada et ai. up ro « wm 

S 'tie case ot multi-carrier transmission, not the distortion M3 per wave t^ distortion of a 

XcTK tZ Steken into consideration as the distortion characteristics. This distortion CTB .n Ni^n» 

nSS^b^a c^e ^ wttic* is the number ot tertiary dtetortion caused at the same frequency and 

" IS^^tion between the aforementioned composite number and the carrier numb* is. as itaMJ|» 
STe kJS eTsic System Design for Mferocellular Mobile Radio" by Jun Nam*. eUL ( E1CE TRANS. 
cSuTSl. E76-B. No.9 September 1993, pp. 1069 to 1077), obtained by the following equation (1). 

„ He = M'{N • M + 1)/2 + ((N - 3) 2 • 5) • (1 - (-1)) N *M) ^ <'> 

ON « D2 + 101og(Nc) ♦ 2*20*log(mN/rn2) W 

[0031] Assuring that the value D2 of the distortion W3 when mN - 10.7 % and 2 ^^^ % ^ 
fte relation between the distortion quantity DN and the ^^^^^^^S S? 
obtainedfrom theabove equation (2). FIG. 17 shows ths relation. ^^™^f^ e te ™Xc 10.7% 
ss ir*.84dBcwhichismespecdthed^^ 

JL uL, mRS t when mN = 21 2 %. Further, the earner number can be obtained from the relation between me com 

above there is a possibility that the conventional radio modulation signal is astorteJ. RF , , and 

SB" ^n^aSemen^ 

the«iedivisionrmKipleaw^ 9 



in power from each other (this is not restricted to optical transmission either). 
SUMMARY OF THE INVENTION 

5 [0037] Therefore, an object of the present invention is to provide a radio signal transmitter, employed in a radio base 
station formed by a master station and one or more slave stations, for example, which can transmit a signal induding a 
first radio signal and a second radio signal different in power from each other so that in relation to both of the first radio 
signal and the second radio signal a receiving end obtains a signal having sufficiently large power as compared with 
noise and with no distortion, particularly a radio signal transmitter which can optically transmit a signal including an RF 

w signal and a code division multiple access signal so that in relation to both of the RF signal and the code division mul- 
tiple access signal a receiving end obtains a signal having sufficiently large power as compared with noise and with no 
distortion. 

[0038] The present invention has the following features to solve the problem above. 

[0039] A first aspect of the present invention is directed to a radio signal transmitter for transmitting a signal includ- 
15 ing both of a radio signal which is in a first frequency band and not subjected to transmission power limitation (herein- 
after referred to as a first radio signal) and a radio signal which is in a second frequency band different from the first 
frequency band and subjected to transmission power limitation (hereinafter referred to as a second radio signal), com- 
prising 

20 at a sending end 

a separation part separating the signal into the first radio signal and the second radio signal, 

a first amplification part amplifying the first radio signal with an amplification factor related to the power of the first 

radio signal, 

a second amplification part amplifying the second radio signal with an amplification factor related to the power of 
25 the second radio signal, and 

a combination part combining the amplified first radio signal and the amplified second radio signal. 

[0040] As described above, in the f irst aspect, when transmitting the signal including the f irst radio signal and the 
second radio signal different in power from each other, the signal is separated into the.f irst radio signal and the second 
30 radio signal to be amplified with amplification factors related to the respective signal power and transmitted, whereby 
the first radio signal and the second radio signal obtained at a receiving end can be both made to have sufficient power 
as compared with noise. 

[0041] According to a second aspect, in the first aspect, 

35 the radio signal transmitter further comprises at the sending end an electrical/optical conversion part performing 
electrical/optical conversion of an output signal of the combination part, and 

comprises at a receiving end an optical/electrical conversion part performing optical/electrical conversion of an out- 
put optical signal of the electrical/optical conversion part, and 
the sending end and the receiving end are connected to each other by an optical fiber. 

40 

[0042] As described above, in the second aspect, the signal is optically transmitted. 

[0043] According to a third aspect, in the firstaspect, the second radio signal Is a signal subjected to code division 
multiple access. 

[0044] As described above, in the third aspect, a code division multiple access signal is used as the second radio 
45 signal. Thus, a distortion signal generated from the second racfio signal also has a wide band and its peak power is 
extremely low, whereby, also when distortion is caused in the first radio frequency band, the first radio signal is not influ- 
enced. As the first radio signal, an RF signal (a radio signal for mobile communication such as a frequency multiplex 
division access signal different from a code division multiple access 6ignaf), for example, is employed. 
[0045] According to a fourth aspect in the third aspect the radio signal transmitter further comprises at the sending 
so end an electrical/optical conversion part performing electrical/optical conversion of an output signal from the combina- 
tion part and 

comprises at a receiving end an optical/electrical conversion part performing optical/electrical conversion of an out- 
put optical signal of the electrical/optical conversion part and 
55 the sending end and the receiving end are connected to each other by an optical fiber. 

[0046] As described above, in the fourth aspect, the signal is optically transmitted. 

[0047] According to a fifth aspect in the fourth aspect the first amplification part and the second amplification part 
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respectively further perform amplification with such amplification factors that the strength of an input optical signal in the 
optical/electrical conversion part will not exceed the upper limit of a linear region of the opticaVelectrical converse part. 
[0048] As described above, in the fifth aspect, the first radio signal and the second radio signal obtained at the 
receiving end can be both made to have sufficiently large power as compared with noise without causing distortion in 
optical/electrical conversion. „ 
100491 According to a sixth aspect, in the fifth aspect, the optical/electncal conversion part is formed by an opti- 
cal/electrical conversion device and an amplifier previously amplifying an output signal ol the optical/electrical conver- 
sion device 

[0050] As described above, in the sixth aspect (and the following ninth, twelfth and fifteenth aspects), also when the 
ootical/eleclrical conversion part includes an amplifier (preamplifier) having a narrow linear region for prev.ously ampD- 
fvina the output ot the optical/electrical conversion device, the first radio signal and the second radio signal obtained at 
the receiving end can be both made to have sufficiently large power as compared with noise without causing distortion 
in optical/electrical conversion. 

[00511 According to a seventh aspect. In the fourth aspect, the first amplication part and the second amplication 
part respectively further perform amplification with such amplification factors that the power of an input signal n the 
electrical/optical conversion part will not exceed the upper UmH da linear region of we el^ 
[00521 As described above, in the seventh aspect, the first radio signal and ihe second radw signal obtained at the 
receiving end can be both made to have sufficiently large power as compared with noise without causing distortion m 
electrical/optical conversion. , , .... 

[0053] Acceding to an eighth aspect, in the seventh aspect, the first amplification part and the secondampM cation 
part respectively further perform amplification with such amplification factors that the strength of an input optical s.gnal 
in the optical/electrical conversion part will not exceed the upper limh of a linear region of the optical/electncal conver- 

IOOsST As described above, in the eighth aspect, the first radio signal and the second radio signal obtained I at the 
receiving end can be both made to have sufficiently large power as compared with noise without causing distortion in 
electrical/optical conversion and optical/electrical conversion. 

[0055] Acceding to a ninth aspect, in the eighth aspect the optical/electrical conversion part is formed by an opti- 
cal/electrical conversion device and an amplifier previously amplifying an output signal of the optical/electncal conver- 

[OMfl^Aterrth aspect of the present invention isdirected to a radio signal transrnitterfortransmittirq atrial indi* 
L bom of a radio signal which is in a ft* frequency band and not suhjected to ti^s^on power Ration (herein- 
after referred to as a first radio signal) and a radio signal which is m a second frequency band djfferent from to f irst 
frequency band and subjected to transmission power limitation (hereinafter referred to as a second radio signal). 

35 a sending end and a receiving end are connected to each other by an optical fiber, and the radio signal transmitter 
comprises 

at the sending end . 

a separation part separating the signal into the first radio signal and the second radio signal, 

a S^Sor^arrJrtying the first radio signal with an amplication factor related to the power of the first 

* JsSSnplification part amplifying the second radio signal with an amplification factor related to the power of 

SSSfconversion part performing electricaUoptical conversion of ^^l^SS^S^ 
a second electrical/optical conversion part performing eiectrtoal/optical conversion of the amplified second rado 

45 riSgth division multiplexing part vvavelength^ivision-mutt.plexing a first optical 

sion thmughlhe first electrical/optical conversion part and a second optical signal obtained by conversion through 
the electrical/optical conversion part, and comprises 

M a waX^di demultiplexing part wavelength-separating ax, output optical signal of the wavelength dM*n 
multiplexing part into the f irst optical signal and the second optical signal. 
.Iirstc^e.ec^ 



25 



30 



55 



a first QMcai/eiecTncai conve. biun p«u i ^ ium i u. . y VF u~™ . ^^i^-i 

a se«xto optical/electrical conversion part performing optical/electrical conversion of the second opbeal signal. 

[0057] Asdeartoedabwe.tometer^ 

LSesJoldradio signal drfferentinpower from each «her, the signal is s^mted^ 

secorSSfolgnaltobe amplified with amplHiwtionfertors related to the respective s^nalpwe^ 

m«ted whereby the first radio signal and the second radio signal received at the receiving end can be both made to 



have sufficiently large power as compared with noise. 

(0058] According to an eleventh aspect, in the tenth aspect, the second radio signal is a signal subjected to code 
division multiple access. 

[0059] As described above, in the eleventh aspect, a code division multiple access signal is used as the second 
a radio signal. Thus, a distortion signal generated from the second radio signal also has a wide band and its peak power 
is extremely low, whereby, also when distortion is caused in the first radio frequency band, the first radio signal is not 
influenced. As the first radio signal, an RF signal (a radio signal for mobile communication such as a frequency multiplex 
division access signal different from a code division multiple access signal), for example, is employed. 
10060] According to a twelfth aspect, in the eleventh aspect. 

JO 

the first amplification part further performs amplification with such an amplification factor that the strength of an 
input optical signal in the first optical/electrical conversion part will not exceed the upper limit of a linear region of 
the first optical/electrical conversion part, and 

the second amplif ication part further performs amplification with such an amplification factor that the strength of an 
is input optical signal in the second optical/electrical conversion part will not exceed the upper limit of a Onear region 
of the second optical/electrical conversion part. 

[0061] As described above, in the twelfth aspect, the first radio signal and the second radio signal obtained at the 
receiving end can be both made to have sufficiently large power as compared with noise without causing distortion in 
20 optical/electrical conversion; 

[0062] According to a thirteenth aspect, in the twelfth aspect the first optical/electrical conversion part and the sec- 
ond optical/electrical conversion part are respectively formed by optical/electrical conversion devices and amplifiers 
previously amplifying output signals of the optical/electrical conversion devices. 
[0063] Accordng to a fourteenth aspect, in the eleventh aspect, 

25 

the first amplification part further performs amplification with such an amplification factor that the power of an input 
signal in the f irst electrical/optical conversion part will not exceed the upper limit of a linear region of the first elec- 
trical/optical conversion part and 

the second amplification part further performs amplification with such an amplification factor that the power of an 
30 input signal in the second electrical/optical conversion part will not exceed the upper limit of a linear region of the 
second electrical/optical conversion part 

[0064] As described above, in the fourteenth aspect, the f irst radio signal and the second radio signal obtained at 
the receiving end can be both made to have sufficiently large power as compared with noise without causing distortion 
35 in electrical/optical conversion. 

[0065] According to a fifteenth aspect in the fourteenth aspect, 

the first amplification part further performs amplification with such an amplification factor that the strength of an 
input optical signal in the first optical/electrical conversion part win not exceed the upper limit of a linear region of 
40 the first optical/electrical conversion part and 

the second amplification part further performs amplification with such an amplification factor that the strength of an 
input optical signal in the second optical/electrical conversion part will not exceed the upper limit of a linear region 
of the second optical/electrical conversion part. 

45 [0066] As described above, in the fifteenth aspect, the first radio signal and the second radio signal obtained at the 
receiving end can be both made to have sufficiently large power as compared with noise without causing distortion in 
electrical/optical conversion and optical/electrical conversion. 

[0067] According to a sixteenth aspect, in the fifteenth aspect the first optical/electrical conversion part and the 
second optical/electrical conversion part are respectively formed by optical/electrical conversion devices and ampGfiers 
so previously amplifying output signals of the optical/electrical conversion devices. 

[0068] A seventeenth aspect of the present invention is directed to a radio signal transmitter for transmitting both of 
a racfio signal which is in a first frequency band and not subjected to transmission power limitation (hereinafter referred 
to as a first radio signal) and a radio signal which is in a second frequency band different from the first frequency band 
and subjected to transmission power limitation (hereinafter referred to as a second radio signal), comprising 

55 

at a sending end 

a first amplification part amplifying the first radio signal with an amplification factor related to the power of the first 
radio signal, 
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a second amplification part amplifying the second radio signal with an amplification factor related to the power of 
the second radio signal, and 

a combination part combining the amplified first radio signal and the amplified second radio signal. 

5 [00691 As described above, in the seventeenth aspect, when transmitting the first radio signal and the second radio 
signal different in power from each other, the signals are amplified with amplification factors related to the respective 
signal power and transmitted, whereby the first radio signal and the second radio signal obtained at a recemng end can 
be both made to have sufficient power as compared with noise. , ranemi «i„ n h^h of 

[00701 A eighteenth aspect of the present invention is directed to a radio signal transmitter for transmitting both 

'to a radio signal which is in a first frequency band and not subjected to transmission power limitation (hereinafter referred 
to as a first radio signal) art! a radio signal which is in a second frequency band different from the first frequency band 
and subjected to transmission power limitation (hereinafter refened to as a second radio signal). 

a sending end and a receiving end are connected to each other by an optical fiber, and the radio signal transmitter 
is comprises 

afttf Sffcafion part amplifying the first radio signal with an amplification factor related to the power of the first 

a sSamplHication part amplifying the second radio signal with an amplification factor related to the power of 
20 the second radio 6ignal. . r „. ... .. . , 

a first electrical/optical conversion part performing electrical/optical converson of the amplified first radio signal 
a second electocal/bpfcal conversion part performing electrical/optical conversion of the amplified second radio 

awrtemth division multiplexing part wavelength-dWsion-muHiplexing a first optical signal obtained by conver- 
25 sion through ihe first electrical/optical conversion part and a second optical signal obtained by converse through 
the electrical/optical conversion part, and comprises 

JwSe^dr^n demultiplexing part wavelength-separating an output optical signal of the wavelength division 
multiplexing part into the first optical signal and the second optical signal, 
so a first optical/electrical conversion part penVniing optical/electric^ 

a second optical/electrical conversion part performing optical/electrical conversion of the second optical signal. 

[00711 As described above, in the eighteenth aspect, when optically transmitting the first radio signal and these* 
ond radio signal different in power from each other, the signals are amplified with amplification factors related tothe 
» S^esignalpowerand^ 

the receiving end can be both made to have sufficiently largepower as compared with nose. 
10072] These and other objects, features, aspects and advantages of the present invention wiObecomemore 
apparent from the following detailed description of the present invention when taken m conjunction with the accompa- 
nying drawings 
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[00731 

FIG. 1 is a block diagram showing the structure of an optical transmission system according to a first embodiment 

FIG 2 £Tstf Sdiagram showing an exemplary radio base station, to which the system of FIG. 1 is applied, 
for performing mobile communication by both of the current system and the CDMA system; 
FIG 3 Is a block diagram showing the internal structure of an optical/electrical conversion part 15 of FIG. 1 (and 
so optical/electrical conversion parts 67 and 68 of FIG. 7); 

m 4 is a blockdiagram showing an exemplary structure of the radio base station of FIG. 2 to wh«h ttie optica 
transmission system of FIG. 1 is applied (in the case of transmitting a signal from a slave stat.cn 21 to a master 

mi 5 tea blockdiagram showing an exemplary structure of a separation part 1C Id I FIG LI: 

55 nG.6isablockdiag^shc^ng^ 

caltransmissionsystemofFIG. 1 is applied (me case of transmitfing a signal from me master stettw 2^ 

FI07 1 ablock diagram showing the structure of an optical transmission system according to a second embodi- 



ment of the present invention; 

FIG. 8 is a block diagram showing an exemplary structure of the radio base station of FIG. 2 to which the optical 
transmission system of FIG. 7 is applied (the case of transmitting the signal from the slave station 21 to a master 
station 20); 

FIG. 9 is a block diagram showing another exemplary structure of the radio base station of FIG. 2 to which the opti- 
cal transmission system of FIG. 7 is applied (the case of transmitting a signal from the master station 20 to the slave 
station 21); 

FIG. 10 is a block diagram showing the structure of a radio signal transmitter according to a third embodiment of 
the present invention; 

FIG. 1 1 is a diagram showing exemplary relation between frequencies of signals received in a first antenna 36a and 
a second antenna 36b and received power; 

FIG. 12 is a diagram showing the relation between a carrier number of a second frequency band and distortion 
CTB; 

FIG. 13 is a block diagram showing an exemplary structure of a conventional optical transmission system employed 
in a radio base station formed by a master station without an antenna function and a plurality of slave stations (for- 
ward stations) having only the antenna function for optically transmitting signals between the master station and the 
slave stations; 

FIG. 14 is a block diagram showing an exemplary structure of a conventional radio signal transmitter; 
FIG. 15 is a diagram showing the relation between a optical modulation index, CNR and distortion; 
FIG. 16 is a diagram shewing the relation between a carrier number and a oonposite number; and 
FIG. 17 is a diagram showing the relation between the composite number and a distortion quantity DN. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0074] Embodiments of the present invention are now described with reference to the drawings. 
(First Embodiment) 

[0075] FIG. 1 is a block diagram showing the structure of an optical transmission system according to a first embod- 
iment of the present invention. Referring to FIG. 1, the optical transmission system comprises a separation part 10, 
amplification parts 11 and 12, a combination part 13, an electrical/optical conversion part 14, and an optical/electrical 
conversion part 15. The separation part 10, the amplification parts 1 1 and 12, the combination part 13 and the electri- 
cal/optical conversion part 14 are provided at a sending end, and the optical/electrical conversion part 15 is provided at 
a receiving end. 

[0076] FIG. 2 is a schematic diagram showing an exemplary radio base station, to which the system of FIG. 1 is 
applied, for performing mobile communication by both of the current system and the CDMA system. Referring to FIG. 
2, the radio base station is formed by a master station 20 without an antenna 21a and one or more slave stations 21 
each having an antenna 21a. The one or more slave stations 21 are dispersively arranged as forward stations in a Wind 
zone or the like, and the master station 20 and each slave station 21 are connected to each other by an optical ffoer 22. 
[0077] The optical transmission system of FIG. 1 is applied to the radio base station of FIG. 2, for performing signal 
transmission between the master station 20 and each slave station 21. That is, the system converts an input signal 
including an RF signal (a radio signal for mobile communication such as a frequency multiplex division access signal, 
for example, Afferent from a code division multiple access signal; this also applies to the following description) and a 
code division multiple access signal employed in the CDMA system to an optical signal and transmits the same through 
the optical fiber 22. 

[0078] Referring again to FIG. 1, the separation part 10 separates the input signal into the RF signal and the code 
division multiple access signal. The amplification part 11 amplifies the RF signal to be transmitted. The amplication 
part 12 amplifies the code division multiple access signal to be transmitted. The combination part 13 combines (fre- 
quency-multiplexes) the amplified RF signal and the amplified code division multiple access signal. The electrical/opti- 
cal conversion part 14 performs electrical/optical conversion of the output signal of the combination part 13. The 
optical/electrical conversion part 15 performs optical/electrical conversion of the transmitted optical signal (output opti- 
cal signal from the electrical/optical conversion part 1 4). 

[0079] The electrical/optical conversion part 1 4 has. in relation to the power of the input signal, such a prescribed 
linear region that change of the strength of the output optical signal with respect to change thereof is linear. That is. 
when a signal having power exceeding the upper limit of this region is inputted in the electrical/optical conversion part 
1 4, the output optical signal is distorted. 

[0080] The optical/electrical conversion part 15 has, in relation to the strength of the input optical signal, such 
another preserved linear region that change of the power of the output signal with respect to change thereof is linear. 
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That is. when an optical signal having strength exceeding the upper limit of this region is inputted in the optical/electrical 
conversion part 1 5, the output signal is distorted. 

[0081] The amplification part 1 1 performs amplification with such an amplification factor that the power of the RF 
signal included in the output signal from the optical/electrical conversion part 15 becomes sufficiently larger than that 
of noise. Thus, the receiving end can obtain an RF signal having sufficiently large power as compared with noise (i e 
having an excellent C/N ratio). 

[0082) Most preferably, the amplification part 1 1 performs amplH ication with the aforementioned amplification factor, 
which is such an amplification factor that the power of the input signal in the electrical/optical conversion part 14 will not 
exceed the upper limit of the aforementioned prescribed linear region and the strength of the input optical signal in the 
optical/electrical conversion part 15 will not exceed the upper limit of the aforementioned another prescribed linear 
region. Thus, the receiving end can obtain an RF signal having sufficiently large power as compared with noise and with 
no distortion. 

[0083J It is supplemented here that the optical/electrical conversion part 15 maybe, as shown in FIGS. 3A and 3B. 
formed by a single optical/electrical conversion device 30 (photo-diode) (FIG. 3A) or formed by an optical/electrical con- 
version device 30 and an amplifier (preamplifier) 31 previously amplifying an output signal of the optical/electrical con- 
version device 30 (FIG. 3B). In general, the optical/electrical conversion device 30 has a sufficiently wide linear region, 
while the amplifier 3 1 has a rather narrow linear region. 

[0084) Hence, in the former case, i.e., when the optical/electrical conversion part 15 is formed by the single opti- 
cal/electrical conversion device 30, even if not intentionally controlling the amplification factor, there is a bare posstoility 
that the strength of the input optical signal in the optical/electrical conversion part 15 exceeds the upper limit of the 
aforementioned another prescribed linear region. However, in the latter case, i.e.. when the optical/electrical conversion 
part 1 5 is formed by the optical/electrical conversion device 30 and the amplifier 31 . it is necessary to intentionally con- 
trol the amplification factor, so that the strength of the input optical signal in the optical/electrical conversion part 15 will 
not exceed the upper limit of the aforementioned another prescribed linear region. 

[0085) The amplification part 12 performs amplification with such an amplification factor that the power of the code 
division multiple access signal included in the output signal from the optical/electrical conversion part 15 becomes suf- 
ficiently larger than that of noise. Thus, the receiving end can obtain a code division multiple access signal having suf- 
ficiently large power as compared with noise (i. e., having an excellent C/N ratio). 

[0086) Most preferably, the amplification part 12 performs amplification with the aforementioned amplification factor, 
which is such an amplification factor that the power of the input signal in the electrical/optical conversion part 14 wifl not 
exceed the upper limit of the aforementioned prescribed linear region and the strength of the input optical signal in the 
opticaVelectrical conversion part 15 will not exceed the upper Omit of the aforementioned another prescribed linear 
region. Thus, the receiving end can obtain a code division multiple access signal having sufficiency large power as com- 
pared with noise and with no distortion. 

[0087] As to the optical transmission system having the aforementioned structure, operations when applied to the 
radio base station of FIG. 2 are now descrbed. 

[0088) First, operations of transmitting a signal from the slave station 21 to the master station 20 are described. 

[0089) Fia 4 is a block diagram showing an exemplary structure of the radio base station of FIG. 2 to which the 
optical transmission system of FIG. 1 is applied. FIG. 4 shows elements necessary when transmitting a signal from the 
slave station 21 to the master station 20. Referring to FIG. 4, the slave station 21 comprising the antenna 21a is pro- 
vided with the separation part 10, the amplification parts 1 1 and 12, the combination part 13 and the electrical/optical 
conversion part 14 of FIG. 1, and the master station 20 is provided with the optical/electrical conversion part 15. 

[0090) In a talking area of the slave station 21 , a mobile terminal for the current system and a mobile terminal for 
the CDMA system are mixedly provided (not shown). From these mobile terminal sides, an RF signal and a code divi- 
sion multiple access signal are sent toward the slave station 21. In the slave station 21, these RF signal and code divi- 
sion multiple access signal are received by the antenna 21a and inputted in the separation part 10. The separation part 
10 separates the input signal including the RF signal and the code division multiple access signal into the RF signal and 
the code division multiple access signal. 

[0091] The separation part 10 can be implemented employing a divider branching an input signal into two signals 
and filters selectively transmitting signals of specific frequencies, for example. FIG. 5 shows an exemplary structure of 
the separation part 10. Referring to FIG. 5, the separation part 10 includes a divider 40 and filters 41 and 42. The filter 
41 is a filter having such a characteristic that its transmission band includes a band for the RF 6ignal while including no 
band for the code division multiple access signal. The filter 42 is a filter having such a characteristic that its transmission 
band includes the band for the code division multiple access signal while including no band for the RF signal. Therefore, 
when the RF signal and the code division multiple access signal are inputted in the divider 40, the filter 41 outputs the 
RF signal and the filter 42 outputs the code division multiple access signal respectively. 
[0092) Also when providing in place of the antenna 21a and the separation part 10 an antenna for the RF signal 
and an antenna for the code division multiple access signal, the input signal can be branched into two signals. That is, 
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by the antenna lor the RF signal and the antenna for the code division multiple access signal, a signal separating func- 
tion similar to the above can be implemented. 

10093] The RF signal obtained by separation is supplied to the amplification part 11 , and amplified there. On the 
other hand, the code division multiple access signal obtained by separation is supplied to the amplification part 12, and 
amplified there. The output signal of the amplification part 1 1 and the output signal of the amplification part 12 are com- 
bined in the combination part 13, and inputted in the electrical/optical conversion part 14. The electrical/optical conver- 
sion part 14 performs electrical/optical conversion of the input signal, and radiates the obtained optical signal into the 
optical fiber 22. 

[00941 The optical signal outputted from the slave station 21 in the aforementioned manner propagates in the opti- 
cal fiber 22 and reaches the master station 20. In the master station 20, the optical/electrical conversion part 1 5 per- 
forms optical/electrical conversion of the optical signal from the slave station 21. By frequency-separating the output 
signal of the optical/electrical conversion part 15 (a separation part therefor is not illustrated), the RF signal and the 
code division multiple access signal are obtained. 

(0095) In the aforementioned operations, the amplification part 1 1 performs amplif ication with such an amplification 
factor that the power of the RF signal included in the output signal from the optical/electrical conversion part 15 
becomes sufficiently larger than that of noise and the power of the input signal in the electrical/optical conversion part 
1 4 will not exceed the upper limit of the linear region of the electrical/optical conversion part 14 while the strength of the 
input optical signal in the optical/electrical conversion part 15 will not exceed the upper limit of the linear region of the 
optical/electrical conversion part 15, whereby the RF signal obtained in the master station 20 has sufficiently large 
power as compared with noise, and is not distorted 

[0096] Further, the amplification part 12 performs amplification with such an amplification factor that the power of 
the code division multiple access signal included in the output signal from the optical/electrical conversion part 15 
becomes sufficiently larger than that of noise and the power of the input signal in the electrical/optical conversion part 
14 will not exceed the upper limit of the linear region of the electrical/optical conversion part 14 while the strength of the 
input optical signal in the optical/electrical conversion part 15 will not exceed the upper limit of the linear region of the 
optical/electrical conversion part 1 5. whereby the code division multiple access signal obtained in the master station 20 
has sufficiently large power as compared with noise and is not distorted. 

[0097J The amplification factors of the amplification parts 11 and 1 2 may be respectively fixed at predetermined val- 
ues or may be adjusted during transmission in response to change of C/N ratios and distortion quantities. 
[0098J Operations of transmitting a signal from the master station 20 to the slave station 21 are now described. 
[00991 FIG. 6 is a block diagram showing another exerrplary structure of the radio base station of FIG, 2 to which 
the optical transmission system of FIG. 1 is applied. FIG. 6 shows elements necessary when transmitting a signal from 
the master station 20 to the slave station 21 . Referring to FIG. 6, the slave station 21 comprising the antenna 21a is 
provided with the optical/electrical conversion part 15 of FIG. 1 , and the master station 20 is provided with the separa- 
tion part 10, the amplification parts 1 1 and 12, the combination part 13 and the electrical/optical conversion part 14. 
[0100] To the master station 20, a signal including an RF signal and a code division multiple access signal is trans- 
mitted from a center station (hot shown) through a prescribed transmission path. In the master station 20, the separa- 
tion part 1 0 separates the signal from the center station into the RF signal and the code division multiple access signal. 
[01011 The RF signal obtained by separation is supplied to the amplification part 11, and amplified there. On the 
other hand, the code division multiple access signal obtained by separation is supplied to the amplification part 1 2, and 
airplified there. The output signal of the amplif ication part 1 1 and the output signal of the amplification part 12 are com- 
bined in the combination part 13, and inputted in the electrical/optical conversion part 14. The electrical/optical conver- 
sion part 14 performs electrical/optica! conversion of the input signal, and radiates the obtained optical signal into the 
optical f ber 22. 

[01021 The optical signal outputted from the master station 20 in the aforementioned manner propagates in the opti- 
cal fiber 22 and reaches the slave station 21. In the slave station 21, the optical/electrical conversion part 15 performs 
optical/electrical conversion of the input optical signal. By frequency-separating the output signal of the optical/electrical 
conversion part 1 5 (a separation part therefor is not illustrated), the RF signal and the code division multiple access sig- 
nal are obtained. From the slave station 21 , the RF signal and the code division multiple access signal obtained in the 
aforementioned manner are sent through the antenna 21a toward each mobile terminal in the talking area of the slave 
station 21. 

[01031 In the aforementioned operations, the amplification part 1 1 performs amplification with such an amplif ication 
factor that the power of the RF signal included in the output signal from the optical/electrical conversion part 15 
becomes sufficiently larger than that of noise and the power of the input signal in the elecfrical/optical conversion part 
14 will not exceed the upper limit of the linear region of the electrical/optical conversion part 14 while the strength of the 
input optical signal in the optical/electrical conversion part 15 will not exceed the upper finmt of the linear region of the 
optical/electrical conversion part 1 5, whereby the RF signal obtained in the slave station 21 has sufficiently large power 
as compared with noise ami is not distorted. 
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[0104] Further, the amplification part 12 performs amplification with such an amplification factor that the power of 
the code division multiple access signal included in the output signal from the optical/electrical conversion part 15 
becomes sufficiently larger than that of noise and the power of the input signal in the electrical/optical conversion part 
1 4 wiD not exceed the upper limit of the linear region of the electrical/optical conversion part 14 while the strength of the 
input optical signal in the optical/electrical conversion part 15 will not exceed the upper limit of the linear region of the 
optical/electrical conversion part 15, whereby the code division multiple access signal obtained in the slave station 21 
has sufficiently large power as compared with noise and is not distorted. 

[01 05J The amplification factors of the amplification parts 1 1 and 1 2 may be respectively fixed at predetermined val- 
ues or may be adjusted during transmission in response to change of C/N ratios and distortion quantities as in the case 
of transmitting a signal from the slave station 21 to the master station 20. 

[0106) According to the first embodiment, as hereinabove described, when transmitting the signal including the RF 
signal and the code division multiple access signal, the signal is separated into the RF signal and the code division mul- 
tiple access signal to be amplified with amplification factors suitable for the respective power and transmitted, whereby 
the RF signal and the code division multiple access signal obtained at the receiving end both have sufficiently large 
power as compared with noise and are not distorted. 

(Second Embodiment) 

[0107J FIG. 7 is a block diagram showing the structure of an optical transmission system according to a second 
embodiment of the present invention. Referring to FIG. 7, the optical transmission system comprises a separation part 
60. amplification parts 61 and 62, electrical/optical conversion parts 63 and 64, a wavelength division multiplexing part 
65, a wavelength division demultiplexing part 66 and optical/electricaf conversion parts 67 and 68. The separation part 
60, the amplification parts 61 and 62, the eledrical/optical conversion parts 63 and 64 and the wavelength division mul- 
tiplexing part 65 are provided at a sending end, and the wavelength division demultiplexing part 66 and the optical/elec- 
trical conversion parts 67 and 68 are provided at a receiving end. 

[0108] The system of FIG. 7 is applied to a radio base station similar to that in FIG. 2 (refer to the first embodiment). 
The optical transmission system of FIG. 7 is applied to the radio base station of FIG. 2, for performing signal transmis- 
sion between the master station 20 and the slave station 21. That is, the system converts an input signal including an 
RF signal employed in the current system and a code division multiple access signal employed in the CDMA system to 
an optical signal and transmits the same through the optical fiber 22. 

[0109] Referring again to FIG. 7, the separation part 60 separates the input signal into the RF signal and the code 
division multiple access signal. The ampfification part 61 amplifies the RF signal to be transmitted. The amplification 
part 62 amplifies the code division multiple access signal to be transmitted. The electrical/optical conversion part 63 
performs electrical/optical conversion of the amplified RF signal. The electrical/optical conversion part 64 performs 
electrical/optical conversion of the amplified code division multiple access signal. The wavelength division multiplexing 
part 65 mulfiplexes the optical signal (output signal of the electrical/optical conversion part 63) corresponding to the RF 
signal and the optical signal (output signal of the electrical/optical conversion part 64) corresponding to the code divi- 
sion multiple access signal. The wavelength division demultiplexing part 66 separates the transmitted optical signal 
(output signal of the wavelength division multiplexing part 65) into the optical signal corresponding to the RF signal and 
the optical signal corresponding to the code division multiple aocess signal. The optical/electrical conversion part 67 
performs optical/electrical conversion of the optical signal corresponding to the RF signal. The optical/electrical conver- 
sion part 68 performs optical/electrical conversion of the optical signal corresponding to the code division multiple 
access signal. 

[0110] The electrical/optical conversion part 63 has, in relation to the power of the input signal, such a preserved 
linear region that change of the strength of the output optical 6ignal with respect to change thereof is linear. That is, 
when a signal having power exceeding the upper limit of this region is inputted in the electrical/optical conversion part 

63, the output optical signal is distorted. 

[01 11] The electrical/optical conversion part 64 has, in relation to the power of the input signal, such another pre- 
scribed linear region that change of the strength of the output optical signal with respect to change thereof is linear. That 
is, when a signal having power exceeding the upper Gmit of this region is inputted in the electrical/optical conversion part 

64, the output optical signal is distorted. 

[01 1 2] The optical/electrical conversion part 67 has, in relation to the strength of the input optical signal, such still 
another prescribed linear region that change of the power of the output signal with respect to change thereof is linear. 
That is. when an optical signal having strength exceeding the upper limit of this region is inputted in the optical/electrical 
conversion part 67, the output signal is distorted. 

[0113] The optical/electrical conversion part 68 has, in relation to the strength of the input optical signal, such a fur- 
ther prescribed linear region that change of the power of the output signal with respect to change thereof is linear. That 
is, when an optical signal having strength exceeding the upper limit of this region is inputted in the optical/electrical con- 



version part 68, the output signal is distorted. 

101141 The ampMication part 61 performs amplification with such an amplification factor thai the power of the RF 
signal included in the output signal from the optical/electrical conversion part 67 becomes sufficiently larger than that 
of noise. Thus, the receiving end can obtain an RF signal having sufficiently large power as compared wrth noise (i.e.. 
having an excellent C/N ratio). uw«fa-i«, 
[01151 Most preferably, the amplification part6l performs amplification with the aforementioned amplification factor, 
which is such an amplification factor that the power of the input signal in the electrical/optical conversion part 63 will not 
exceed the upper limit of the aforementioned prescribed linear region and the strength of the input optical signal in the 
optical/electrical conversion part 67 will not exceed the upper limit of the aforementioned still another prescribed linear 
region. Thus, the receiving end can obtain an RF signal having suff iciently large power as compared with noise and wrth 

™ distortion^ ^.^^ ^ ffi pe(forms ampljf ^ 6uch an amplification factor that the power of the code 
division multiple access signal included in the output signal from the optical/electrical conversion part 68 becomes suf- 
ficiently larger than that of noise. Thus, the receiving end can obtain a code division multiple access signal having suf- 
ttciently large power as compared with noise (i.e. having an excellent C/N ratio). 

[01171 Mostpreferably. the amplification part 62 performs amplification with the aforementioned amplification factor, 
which is such an amplification factor that the power of the input signal in the electrical/optical conversion part 64 will not 
exceed Iheupper limit of the aforementioned another prescribed linear region and the strength of the input optical signal 
in the optical/electrical conversion part 68 will not exceed the upper limit of the aforementioned further prescribed linear 
region. Thus, the receiving end can obtain a code division multiple access signal having sufficiently large power as com- 
pared with noise and wfth no distortion. . , 
[0118] H theoptic^/electricalconversionparts (67 and 68) have sufficiently wide linear regions, the wavelength divi- 
sion demultiplexing part 66 may be omitted for collectively receiving in either optical/electrical conversion part both of 
the RF signal and the code division multiple access signal. ....... 

[0119J It is supplemented here that the optical/electrical conversion part 67 or 68 may be, similarly to the opti- 
cal/electrical conversion part 15 of FIG. 1 as shown in FIGS. 3A and 3B. formed by a single optical/electrical conversion 
device 30 or formed by an optical/electrical conversion device 30 and an amplifier (preamplifier) 31 previously amplify- 
ing an output signal of the optical/electrical conversion device 30. In general, the optical/electrical conversion device 30 
has a sufficiently wide linear region, while the amplifier 31 has a rather narrow linear region. 
[0120] Hence, in the former case. i.e.. when the optical/electrical conversion part 67 or 68 is formed by the single 
optical/electrical conversion device 30. the amplification factor may not be intentionally adjusted since there is a bare 
possibility thatthe strength of the input optical signal in the optical/electrical conversion part 67 or 68 exceeds the upper 
limit of the aforementioned still another prescribed linear region. However, in the latter case. i.e. when the optical/elec- 
trical conversion part 67 or 68 is formed by the optical/electrical conversion device 30 and the amplifier 31 , it is neces- 
sary to intentionally adjust the amplification factor, so that the strength of the input optical signal in the opticalVetectrical 
conversion part 67 or 68 will not exceed the upper limit of the aforementioned sbD another prescribed linear region. 
[0121] As to the optical transmission system having the aforementioned structure, operations when applied to the 
radio base station ol FIG. 2 are now descrfoed. 

[0122] First, operations of transmitting a signal from the slave station 21 to the master station 20 are described. 
[0123] FIG. 8 is a block diagram showing an exemplary structure of the radio base station of FIG. 2 to which the 
optical transmission system of FIG. 7 is applied. FIG 8 shows elements necessary when transmitting a signal from the 
slave station 21 to the master station 20. Referring to FIG. 8. the slave station 21 comprising the antenna 21a is pro- 
vided with the separation part 60. the amplification parts 61 and 62, the electrical/optical conversion parts 63 and 64 
and the wavelength division multiplexing part 65 of FIG. 7, and the master station 20 is provided with the wavelength 
division demultiplexing part 66 and the optical/electrical conversion parts 67 and 68. 

[0124] In a talking area ol the slave station 21 . a mobile terminal for the current system and a mobile terminal for 
the CDMA system are mixedly provided (not shown). From these mobile terminal ends, an RF signal and a code divi- 
sion multiple access signal are sent toward the slave station 21 . In the slave station 21 , these RF signal and code divi- 
sion multiple access signal are received by the antenna 21a and inputted in the separation part 60. The separation .part 
60 separates the input signal including the RF signal and the code division multiple access signal into the RF signal and 
the code division multiple access signal. 

[0125] The separation part 60 can be implemented by employing a divider branching the input signal into two sig- 
nals and filters selectively transmitting signals of specific frequencies, tor example (refer to FIG 5). 
[0126] The RF signal obtained by separation is supplied to the amplification part 61. and amplified there. On the 
; other hand, the code division multiple access signal obtained by separation is supplied to the amplification part 62, and 
amplified there. The electrical/optical conversion part 63 performs electrical/optical conversion of the amplified RF sig- 
nal. The electrical/optical conversion part 64 performs electrical/optical conversion of the amplified code division multi- 
ple access signal. The output signal of the electrical/opticai conversion part 63 and the output signal of the 
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electrical/optical conversion part 64 are multiplexed in the wavelength division multiplexing part 65, and radiated into 
the optical fiber 22. 

[0127] The optical signal outputted from the stave station 21 in the aforementioned manner propagates in the opti- 
cal fiber 22 and reaches the master station 20. In the master station 20, the wavelength division demultiplexing part 66 
separates the optical signal from the slave station 21 into an optical signal corresponding to the RF signal and an optical 
signal corresponding to the code division multiple access signal. 

[0128) The wavelength division demultiplexing part 66 can be implemented by employing a divider branching the 
input signal into two signals and filters selectively transmitting optical signals of specific wavelengths, for example. 
[0129J The optical signal corresponding to the RF signal is subjected to optical/electrical conversion in the opti- 
cal/electrical conversion part 67. The optical signal corresponding to the code division multiple access signal is sub- 
jected to optical/electrical conversion in the optical/electrical conversion part 68. Thus, the RF signal and the code 
division multiple access signal are obtained. 

(0130] tn the aforementioned operations, the amplification part 61 performs amplification with such an amplification 
factor that the power of the output signal (RF signal) from the optical/electrical conversion part 67 becomes sufficiently 
larger than that of noise and the power of the input signal in the electrical/optical conversion pari 63 will not exceed the 
upper limit of the linear region of the electrical/optical conversion part 63 while the strength of the input optical signal in 
the optical/electrical conversion part 67 will not exceed the upper limit of the linear region of the optical/electrical con* 
version part 67, whereby the RF signal obtained in the master station 20 has sufficiently large power as cortpar ed with 
noise, and is not distorted. 

[01 31] Further, the amplification part 62 is set at such a value that the power of the output signal (code division mul- 
tiple access signal) from the optical/electrical conversion part 68 becomes sufficiently larger than that of noise and the 
power of the input signal in the electrical/optical conversion part 64 will not exceed the upper limit of the linear region of 
the electrical/optical conversion part 64 while the strength of the input optica! signal in the optical/electrical conversion 
part 68 will not exceed the upper limit of the linear region of the optical/electrical conversion part 68, whereby the code 
division multiple access signal obtained in the master station 20 has sufficiently targe power as compared with noise 
and is not distorted. 

[0132] The amplification factors of the amplification parts 61 and 62 may be respectively fixed at predetermined val- 
ues or may be adjusted during transmission in response to change of C/N ratios and distortion quantities. 
[0133] Operations of transmitting a signal from the master station 20 to the slave station 21 are now described. 
[0134] FIQ 9 is a block diagram showing another exemplary structure of the racfio base station of FIG. 2 to which 
the optical transmission system of FIG. 7 is applied. FIG. 9 shows elements necessary when transmitting a signal from 
the master station 20 to the slave station 21 . Referring to FIG. 9, the stave station 21 comprising a pair of antennas 21a 
is provided with the wavelength division demultiplexing part 66 and the optical/electrical conversion parts 67 and 68 of 
FIG. 7, and the master station 20 Is provided with the separation part 60, the amplrf ication parts 61 and 62, the electri- 
cal/optical conversion parts 63 and 64 and the wavelength division multiplexing part 65. 
[01 35] To the master station 20, a signal including an RF signal and a code division multiple access signal is trans- 
mitted from a center station (not shown) through a prescribed transmission path. In the master station 20, the separa- 
tion part 60 separates the signal from the center station into the RF signal and the code division multiple access signal. 
[0136] The RF signal obtained by separation is supplied to the amplification part 61, and amplified there. On the 
other hand, the code division multiple access signal obtained by separation is suppfied to the amplification part 62, and 
amplified there. The electrical/optical conversion part 63 performs electrical/optical conversion of the amplified RF sig- 
nal. The electrical/optical conversion part 64 performs electrical/optical conversion of the amplified code division multi- 
ple access signal. The output signal of the electrical/optical conversion part 63 and the output signal of the 
electrical/optical conversion part 64 are multiplexed in the wavelength division multiplexing part 65, and radiated into 
the optical fber22. 

[0137] The optical signal outputted from the master station 20 as in the aforementioned manner propagates in the 
optical fiber 22 and reaches the slave station 21 . In the stave station 21, the wavelength division demultiplexing part 66 
separates the optical signal from the master station 20 into an optical signal corresponding to the RF signal and an opti- 
cal signal corresponding to the code division multiple access signal. The optical signal corresponding to the RF signal 
is subjected to optical/electrical conversion in the optical/electrical conversion part 67. The optical signal corresponding 
to the code division multiple access signal is subjected to optical/electrical conversion in the optical/electrical conver- 
sion part 68. Thus, the RF signal and the code division multiple aocess signal are obtained. From the slave station 21, 
the RF signal and the code division multiple access signal obtained in the aforementioned manner are sent through the 
pair of antennas 21a toward each mobile terminal in the talking area of the slave station 21. 
[01 38] In the aforementioned operations, the amplification part 61 performs amplification with such an amplification 
factor that the power of the RF signal outputted from the optical/electrical conversion part 67 becomes suff iciently larger 
than that of noise and the power of the input signal in the electrical/optical conversion part 63 will not exceed the upper 
limit of the linear region of the electrical/optical conversion part 63 while the strength of the input optical signal in the 



optical/electrical conversion pari 67 will not exceed the upper limit of the linear region of the optical/electrical conversion 
part 67. whereby the RF signal obtained in the slave station 21 has sufficiently large power as compared with noise and 
is not distorted. 

[0139] Further, the amplification part 62 performs amplification with such an amplification factor that the power of 
5 the code division multiple access signal outputted from the optical/electrical conversion part 68 becomes sufficiently 
larger than that of noise and the power of the input signal in the electrical/optical conversion part 64 will not exceed the 
upper limit of the linear region of the electrical/optical conversion part 64 while the strength of the input optical signal in 
the optical/electrical conversion part 68 will not exceed the upper limit of the linear region of the optical/electrical con- 
version part 68. whereby the code division multiple access signal obtained in the slave station 21 has sufficiently large 
to power as compared with noise and is not distorted. 

[0140] The amplification factors of the amplification parts 61 and 62 may be respectively fixed ^predetermined val- 
ues or may be adjusted during transmission in response to change of C/N ratios and distortion quantities, similarly to 
the case of transmitting the signal from the slave station 21 to the master station 20. 

[01 41 ] According to the second embodiment, as hereinabove described, when transmitting the signal including the 
75 RF signal and the code division multiple access signal, the signal is separated into the RF signal and the code division 
multiple access signal to be amplified with aimplHication factors suitable for me respective power and transmitted, 
whereby the RF signal and the code division multiple access signal obtained at the receiving end both have sufficiently 
large power as compared with noise and are not distorted. 

[0142] In the first embodiment, the RF signal and the code division multiple access signal obtained by separation 
20 are both converted in the electrical/optical conversion part 14 and the optical/electrical conversion part 15, while in the 
second embodiment the RF signal obtained by separation is converted in the electrical/optical conversion part 63 and 
the optical/electrical conversion part 67 and the code division multiple access signal obtained by separation is con- 
verted in the electrical/optical conversion part 64 and the optical/electrical conversion part 68 respectively. Hence, the 
second embodment is. as compared with the first embodiment, slightly complicated in structure. However, when C/N 
25 ratios and distortion characteristics of about the same degrees are to be obtained, the second embodiment may have 
lower upper limits of the linear regions of the electrical/optical conversion parts and the optical/electrical conversion 
parts than the first embodiment This is because the power of the input signal in the electrical/optical conversion part 
63 and the power of the input signal in the electrical/optical conversion part 64 respectively become smaller than the 
power of the input signal in the electricat/optical conversion part 14. and the strength of the input optical signal in the 
30 optical/electrical conversion part 67 and the strength of the input optical signal in the optical/electrical conversion part 
68 respectively become smaller than the strength of the input optical signal in the optical/electrical conversion part 15. 

(Third Embodiment) 

35 [0143] FIG. 10 is a block diagram showing the structure of a radio signal transmitter according to a third embodi- 
mentof the present invention. Referring to FIG. 10, in this racfio signal transmitter a master station 110 and a slave sta- 
tion 130 are connected by optical fibers 121 and 122. 

[0144] The slave station 130 comprises an optical/electrical conversion part 131, an electrical/optical conversion 
part 133, a first amplification part 132, a second amplification part 134a, a third amplification part 134b, afirst circulator 

40 135a. a second circulator 135b, a combiner 137, a lirst antenna 136a and a second antenna 1 36b. 

[0145] The second amplification part 134a, the first circulator 135a and the first antenna 136 process a signal with 
afirst frequency band (a frequency band utilized in conventional radio communication service). This signal with the first 
f requency band is not subjected to power control when sent from a first mobile terminal. 
[0146] On the other hand, the third amplification part 134b, the second circulator 135b and the second antenna 

45 136b process a signal with a second frequency band (a frequency band utilized for performing new radio communica- 
tion service). This signal with the second frequency band is subjected to power control when sent from a second mobile 
terminal. This second frequency band may be simply different from the first frequency band, and there is no particular 
restriction in allocation. 

[0147] FIG. 1 1 shows exemplary relation between the frequencies and received power of the signals received by 
so the first antenna 136a and the second antenna 136b. 

[0148] First, down system signal transmission is described. 

[0149] An optical signal sent from the master station 1 10 is transmitted through the optical fiber 121 to the slave 
station 130 present on a remote site. In the slave station 130, the optical/electrical conversion part 131 receives the opti- 
cal signal sent from the master station 1 10 and converts the same to a radio modulation signal which is an electric sig- 
55 nal. The first amplification part 1 32 amplifies and outputs this radio modulation signal. The anrplified radio modulation 
signal is radiated through the circulator 1 35a from the antenna 136a if this is a radio modulation signal with the first fre- 
quency band (hereinafter referred to as a first radio modulation signal), or radiated through the circulator 1 35b from the 
antenna 136b if this is a radio modulation signal with the second frequency band (hereinafter referred to as a second 
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radio modulation signal). The first and second radio modulation signals radiated from the antennas 136a and 136b are 
received by corresponding first and second mobile terminals (not shown) in the area respectively. 
[01 501 Up system signal transmission is now described. 

[0151] The first radio modulation signal sent from each first mobile terminal in the area is received by the first 
antenna 136a and thereafter frequency-multiplexed. As hereinabove described, the first radio modulation signal is not 
subjected to power control when sent from the first mobile terminal, and hence dispersion takes place in the received 
power due to the difference in distance between each first mobile terminal and the slave station 1 30. 
[0152] The frequency-multiplexed first rado modulation signal is inputted through the circulator 135a in the second 
amplification part 134a. The second amplification part 134a amplifies the inputted first radio modulation signal and out- 
puts the same to the combiner 1 37. 

[0153J On the other hand, the second radio modulation signal sent from each second mobile terminal in the area is 
received by the second antenna 136b and thereafter frequency-multiplexed. As hereinabove described, the second 
radio modulation signal is subjected to power control when sent from the second mobile terminal, and hence the 
received power in the slave station 130 reaches a constant level without depending on the difference in distance 
between each second mobile terminal and the slave station 130. 

[0154] The frequency-multiplexed second radio modulation signal is inputted through the circulator 135b in the third 
amplification part 134b. The third amplification part 134b amplifies the inputted second radio modulation signal and out- 
puts the same to the combiner 1 37. At this time, the third amplification part 1 34b performs amplification so that the level 
of the amplified second radio modulation signal becomes smaller than the level of the first radio modulation signal after 
amplification by the second amplification part 134a. 

10155] The combiner 137 multiplexes the first radio modulation signal outputted from the second amplification part 
134a and the second radio modulation signal outputted from the third amplification part 134b and outputs the same to 
the electrical/optical conversion part 133. The electrical/optical conversion part 133 receives the multiplexed radio mod- 
ulation signal, converts the same to an optical signal and outputs the same. The optical signal outputted after converted 
in this electrical/optical conversion part 133 is transmitted through the optical fiber 1 22 to the master station 1 1 0 present 
on a remote site. 

[0156] Thus, when sharing the existing radio signal transmitter between a communication system with an existing 
frequency band and a communication system with another frequency band, a signal subjected to control of transmis- 
sion power is employed as a signal employed for the communication system with another frequency band. When per- 
forming control of the transmission power of the signal, reduction of thedynamic range is enabled as compared with the 
conventional case of performing no transmission power control. Therefore, it is possible to set the optical modulation 
index in the case of performing control of the transmission power small as compared with the case of performing no 
control of the transmission power, and even if employing two communication systems, the transmission characteristics 
of the overall communication systems remain substantially unchanged as compared with the conventional case of one 
communication system, and increase of the number of transmission carriers is enabled. 
[0157] The above is verified employing the equation (1) and the equation (2) described in relation to the aforemen- 
tioned prior art . 
[0158] The conventional radio signal transmitter not controlling transmission power has required a wide dynamic 
range reaching 60 dB. In the case of the signal performing new service this time, transmission power from each mobile 
terminal (second mobile terminal) is controlled and hence the wide dynamic range reaching 60 dB becomes unneces- 
sary. Assuming that the dynamic range of the new service is 20 dB, for example, the signal level can be reduced by 40 
dB as compared with the case that the dynamic range is 60 dB, and the optical modulation index at this time becomes 
1/100 as compared with the case of performing no control of the transmission power. 

[0159] Assuming that the earner number N is "8* which is the number of mobile terminals capable of simultaneous 
talking from places close to the slave station 300 in the conventional radio signal transmitter, calculation of the distortion 
characteristic in the case of newly frequency-multiplexing a signal with the second frequency band this time is per- 
formed. FIG. 12 shows the calculation result 

[0160] As obvious from FIG. 12, the distortion characteristic is not degraded even if frequency-multiplexing the sig- 
nal with the 6econd frequency band on the signal with the first frequency band, and the number of carriers capable of 
transmitting the signal with the second frequency band reaches 700. 

[0161] As hereinabove described, according to the radio signal transmitter according to the third embodiment of the 
present invention, transmission characteristics of the overall two communication systems can be substantially the same 
as the transmission characteristic of only the conventional one communication system with only slight change in the 
slave station 130. Therefore, increase of the transmission carrier number is enabled while the cost required for introduc- 
tion of the new communication system can be remarkably reduced. 

[0162] When employing as the signal sent from the aforementioned second mobile terminal a signal subjected to 
code division multiple access by the CDMA (code division multiple access) system, for example, the following effect is 
further generated: 



101631 The signal subjected to code division multiple access has such a characteristic that the band is wide and 
peak power is low. and hence a distortion signal generated from the second radio modulation signal also has a wide 
band and an extremely low peak power. Therefore, even if distortion is caused in the frequency band of the first radio 
modulation signal, this exerts no influence on the first radio modulation signal. Therefore, when employing a signal sub- 
s jected to code division multiple access, influence exerted on the first radio modulation signal by frequency-multiplexing 
the second radio modulation signal on the first radio modulation signal can be further reduced. 

(Fourth Ennbodimenl) 

10 [01641 An optical transmission system according to a fourth embodiment of the present invention has the same 
structure as the optical transmission system according to the first embodiment (refer to FIG. 1) except that the separa- 
tion part 10 is eliminated. ... ^ .... 
[0165] The operation of the optical transmission system according to the fourth embodiment is identical to mat oi 
the optical transmission system according to the first embodiment expect for the following points. 

is 10166] To the optical transmission system according to the fourth embodiment, an RF signal and a code division 
multiple access signal are inputted separately, that is. in a state where the two signals are previously separated from 
each other The optical transmission system according to the fourth embodiment then amplifies the RF signal and code 
division multiple access signal with amplification factors related to the power of the respective signals and transmits the 



same. 



so 



(Fifth Errtbodiment) 



(01 671 An optical transmission system according to a fifth embodiment of the present invention has the same struc- 
ture as the optical transmission system according to the second embodiment (refer to FIG 7) except that the separation 

25 fflm 6 Iteration of the optical transmission system according to the fifth embodiment is identical to that of the 
optical transmission system according to the second embodiment except for the following points. 
(01691 Totheoptical transmission system according to the fifth entodiment. an RF signal and a codedwision mul- 
tiple access signal are inputted separately, that is. in a state where the two signals are previously separated from each 

so other. The optical transmission system according tothefiflh embodiment then amplifies the RF signal and codedivtsion 
multiple access signal with amplification factors related to the power of the respective signals and trans^ the same. 
(01701 While the invention has been described in detail, the foregoing description is in all aspects aiustrative and 
not restrictive, ft is understood that numerous other modifications and variations can be devised wrthout departing from 
the scope of the invention. 
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Claims 

1 . A radio signal transmitter for transmitting a signal including both of a radio signal being in a first frequency band and 
not subjected to transmission power limitation (hereinafter referred to as a first radio signal) and a radio signal being 
in a second frequency band different from the first frequency band and subjected to transmission power hmrtation 
(hereinafter referred to as a second radio signal), comprising 

at a sending end: 

a separation part (10) separating said signal into the first radio signal and the second radio signal. 

a first amplification part (11) amplifying said first radio signal with an amplification factor related to the power 

ol the first radio signal; .... „ _ , . 

a second amplification part (12) amplifying said second radio signal with an amplification factor related to the 

power of the second radio signal; and J _ . 

a combination part (13) combining amplified said first radio signal and amplified said second radio signal. 

2 The radio signal transmitter in accordance with claim 1 . further comprising at the sending end an electrical/optical 
conversion part (14) performing electrical/optical conversion of an output signal of said combination part (13). and 

comprising at a receiving end an ctfical/dectrical conversion part (15) performing optical/electrical conversion 

of an output optical signal of said electrical/optical conversion part (14). wherein 

the sending end and the receiving end are connected to each other by an optical fiber (22). 

3. The radio signal transmitter in accordance with claim 1. wherein said second radio signal is a signal subjected to 
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code division multiple access. 

» The radio signal transmitter in accordance with claim 3, further comprising at the sending end an electrical/optical 
conversion part (14) performing electrical/optical conversion ot an output signal from said combination part (13), 
and 

comprising at a receiving end an optical/electrical conversion part (15) performing optical/electrical conversion 

ot an output optical signal of said electrical/optical conversion part (14), wherein 

the sending end and the receiving end are connected to each other by an optical fiber (22). 

5 The radio signal transmitter in accordance with claim 4, wherein said first amplif ication part (1 1 ) and said second 
amplification part (12) respectively further perform amplification with such amplification factors that the strength of 
an input optical signal in said optical/electrical conversion part (15) will not exceed the upper limit of a linear region 
of the optical/electrical conversion part (1 5). 

6 The radio signal transmitter in accordance with claim 5. wherein said optical/electrical conversion part (15) is 
formed by an optical/electrical conversion device (30) and an amplifier (31) previously amplifying an output signal 
of the optical/electrical conversion device (30). 

7. The radio signal transmitter in accordance with claim.4. wherein said first arnptificalion part (11) and said second 
amplification part (12) respectively further perform amplification with such amplification factors that the power of an 
input signal in said electrical/optical conversion part (1 4) will not exceed the upper limit of a linear region of the elec- 
trical/optical conversion part (14). 

8 The radio signal transmitter in accordance with claim 7. wherein said first amplification part (11) and said second 
amplification part (12) respectively further perform amplification with such arnptificalion factors that the strength of 
an input optical signal in said optical/electrical conversion part (15) will not exceed the upper limit of a linear region 
of the optical/electrical conversion part (15). 

9 The radio signal transmitter in accordance with claim 8. wherein said optical/electrical conversion part (15) is 
formed by an optical/electrical conversion device (30) and an amplifier (31) previously amplifying an output signal 
ol the optical/electrical conversion device (30). 

10. Aradiosignal fransmitter for transmitling a signal including both of a radio signal being in a first frequency band and 
not subjected to transmission power limitation (hereinafter refened to as a first radio signal) and a radio signal being 
in a second frequency band different from the first frequency band and subjected to transmission power limitation 
(hereinafter referred to as a second radio signal), wherein 

a sending end and a receiving end are connected to each other by an optical fiber (22), said radio signal trans- 
mitter comprising 
at tiie sending end: 

a separation part (60) separating said signal Into said first radio signal and said second radio signal; 

a first amplffication part (61) amplifying said first radio signal with an amplif ication factor related to the power 

of tiie first radio signal; ...... 

a second amplification part (62) amplifying said second radio signal with an amplification factor related to the 

power of the second radio signal; ...... 

a first electrical/oplical conversion part (63) performing electrical/optical conversion of amplified said first radio 

signal; . . . . 

a second electrical/optical conversion part (64) performing electrical/optical conversion of amplified said sec- 
ond radio signal; and . . . 
a wavelength division multiplexing part (65) wavelengtixlivision.muttiplexing a first optical signal obtained by 
conversion through said first electrical/optical conversion part (63) and asecond optical signal obtawedby con- 
version through said second electrical/optical conversion part (64). and comprising 

a ^eSIhdvision demultiplexing part (66) wavelength-separating an output optical signal of said wave- 
length division multiplexing part (65) into said first opticsl signal and said second optical signal; 
a first optical/electrical conversion part (67) performing optical/electrical conversion of said first optical signal; 
and 



a second optical/electrical conversion part (68) performing opUcal/electrical conversion of sad second optical 



1 1 . The radio signal transmitter h accordance wrth claim 10. wherein said second radio signal is a signal sul^ected to 
5 code division multiple access. 

io (67). and 

c *r.nnri aimiitication part (62) further performs amplification with such an amplification factor that the 
E&XlSEff* - -oond opticawelectrfoa. conversion ^part (68) w, not exceed the 
uppeTlirnit of a linear region of the second optical/electrical convers.cn part (68). 

' 5 13 . Theradio^l.ansr.tterinacoo^ce ^^^^^^^^ 
(30). 

29 14 ThemdioagnaiUanemitterfcac^^ 

a linear region of the second electrical/optical conversion part (64). 
1 5 The radio signal transmftter in accordance with claim 14. wherein sad first arrpW ication part (61) furth« ^nms 

^^^^^^^^^^ 

(67). and 

sad second amplification part (62) further performs amplification with such an an^on fodortt^ the 
SrengTof an input optical signal in said second optical/electncal conversion , p«t (68) wril not exceed the 
upper limit of a linear region of the second optical/electrical converse part (68). 

dSc^and SS^pS* Sto ou*ut signets of the op^electrica. convert dev,ces 
(30). 

17 AredtosdnaltransnMerfort^^ 

referred to as a second radio signal), comprising 

aw£on part (1 1) arr^ sad fist radk> signal with an ampliation factor rdated to the power 
a part (12) employing said second radio signal with an am^on factor related to the 

a^on^ 

- ift a radio *iana! transmitter for transmitting both ol a radio signal being in a first frequency band and not subjected*) 
' 18 ' Ja^SpSTSTSteT referred to as a first radio signal) and a <«^J™* 
i^c^baSdifferenl from the first frequency band andsubje<aedtofrans<n,ss™^ 
referred to as a second radio signal), wherein 
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a sending end and a receiving end are connected to each other by an optical fiber (22). said radio signal trans- 
mitter comprising 
at the sending end: 

a lirst amplication part (61) amplifying said first radio signal with an amplification factor related to the power 

of the first radio signal; , ,u 

a second amplification part (62) amplifying said second radio signal with an amplification factor related to ttie 

power of the second radio signal; t «^v 
a first electrical/optical conversion part (63) performing electrical/optical conversion of amplified said first radio 

signal; 

a second electrical/optical conversion part (64) performing electrical/optical conversion of amplified said sec- 
ond radio signal; and " 
a wavelength division multiplexing part (65) wavelengtfvdivision-multiplexmg a first optical signal obtained by 
conversion through said first electrical/optical conversion part (63) and a second optical signal obtained by con- 
version through said second electrical/optical conversion part (64). and comprising 
at tfie receiving end: 

a wavelength division demultiplexing part (66) wavelength-separating an output optical signal of said wave- 
length division multiplexing part (65) into said first optical signal and said second optical signal; 
a first optical/electrical conversion part (67) performing optical/electrical conversion of said first optical signal; 
and 

a second optical/electrical conversion part (68) performing optical/electrical conversion of said second optical 
signal. 
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